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ABSTRACT

Atopic dermatitis (AD) in young children is often followed by the development of asthma (atopic march). The role of
environmental exposures is unclear in this high-risk population. We aimed to determine the predictive relationship between
indoor allergen exposures, particularly pets, rodents, and cockroaches, to the development of asthma in a prospective pediatric
cohort. Children with AD and a family history of allergy were followed prospectively with questionnaire ascertainment of
environmental exposure to cats, dogs, cockroaches, rats, and mice. Asthma was diagnosed by study physicians based on
caregiver reports of symptoms continually assessed over the course of the study period. Fifty-five of the 299 children developed
asthma by the end of the study. Cat exposure had a strong and independent effect to reduce the risk of developing asthma across
all analyses (odds ratio [OR], 0.16; 95% confidence interval [CI], 0.05–0.53). Dog, mouse, rat, and cockroach exposures did
not significantly influence the development of asthma. Daycare exposure had the largest risk reduction for the development of
asthma (OR, 0.08; 95% CI, 0.03–0.19). Maternal asthma (OR, 2.93; 95% CI, 1.29–6.67), baseline body mass index (OR, 1.23;
95% CI, 1.08–1.42), and specific immunoglobulin E to house-dust mix at 3 years were each independent risk factors for the
development of asthma. In children with AD, cat and daycare exposure may reduce the risk of developing early childhood
asthma.

(Allergy Asthma Proc 33:282–288, 2012; doi: 10.2500/aap.2012.33.3572)

Atopic diseases such as atopic dermatitis (AD),
asthma, and allergic rhinitis are among the most

common chronic diseases in the developed world.
Asthma, alone, affects 300 million people worldwide of
all ages.1 The natural history of atopic diseases in child-
hood is defined by peak manifestations at different
ages, with AD predating asthma and allergic rhinitis.
The risk of developing asthma in children with AD is
34–43%.2

Childhood atopic diseases are associated with sensi-
tization to environmental allergens, and indoor aller-

gen exposure, particularly pets and cockroach, may be
important in disease development3,4 and clearly influ-
ence morbidity.5 Despite many population and high-
risk birth cohort studies, the role of environmental
exposures in the development of asthma has been in-
consistent6–9 and few studies have addressed children
who already have atopic manifestations.10–12

In this study we aimed to determine the influence of
exposure to indoor allergens, particularly to mouse,
rat, cockroach, cat, and dog, on the development of
asthma in a cohort of young children with AD and
family history of atopy. This prospective epidemiolog-
ical study was a substudy of a large randomized, dou-
ble-blind, placebo-controlled trial of a topical AD ther-
apy in children with AD.

METHODS

Study Participants
Subjects participating in a multicenter randomized

control trial for AD were approached to participate in
this substudy. Recruitment occurred at eight academic
medical centers across the United States. The parent
study enrolled over 1000 subjects 3–18 months of age
with a diagnosis of AD according to the American
Academy of Dermatology Consensus Conference Cri-
teria,13 clinical evidence of AD �3 months’ duration, a
family history of atopy (at least one parent or sibling),
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and at least mild AD by Investigator Global Assess-
ment score.14 Patients were excluded if they had re-
ceived treatment with topical calcineurin inhibitor
within 7 days before enrollment or were receiving
daily treatment with antihistamines, systemic therapy
(such as corticosteroids), or leukotriene antagonists
within 1 month of first application of study drug.

All subjects enrolled in the parent study at the sub-
study sites were eligible for entry into this study with-
out regard to their treatment assignment. No addi-
tional inclusion or exclusion criteria were applied.

The Institutional Review Board at each participating
institution approved this study protocol. Written in-
formed consent was obtained for all subjects.

Study Design
Children participated in a 3-year double-blind treat-

ment phase of topical AD calcineurin inhibitor, and
were then followed through an additional open-label
phase that concluded when the child developed
asthma or at study termination. Validated question-
naires collected baseline and follow-up data on home
and environmental allergen exposure in addition to
potential confounders. Follow-up questionnaires reas-
sessed the child’s environmental exposures at �18-
month intervals from the first study visit.

Definition of Predictor Variables
Primary predictor variables captured through base-

line and follow-up questionnaires were those that in-
dicated exposure to mice, rats, cockroaches, cats, and
dogs at home, determined by caregiver report. For
these, questions ascertained, “in the past 18 months
have you had any of the following pets: dogs, cats”
with responses ‘yes,’ ‘no,’ or ‘don’t know’ for each.
Caregivers were also asked,” in the past 18 months,
have you seen or noticed signs of the following pests:
mice, rats, cockroaches” with responses “yes,” “no,” or
“don’t know” for each. Variables describing environ-
mental exposures were categorized as positive only if
the caregiver answered yes to the predictor on a ques-
tionnaire that predated the development of the pri-
mary outcome, diagnosis of asthma.

Several covariates were considered because of their
previously described association with asthma develop-
ment or as potential confounders to the relationship of
the primary predictors to the outcome. Age, race, gen-
der, body mass index (BMI) at study entry, age at entry
to the study, maternal history of asthma, treatment
assignment, day care attendance ascertained as “does
your child attend day care or have frequent babysitting
(�3 times per week) outside of the home,” environ-
mental tobacco smoke exposure (greater than four
times per week), history of breast-feeding, and esti-

mated family annual income (�$50,000 annually) were
considered for inclusion.

Total IgE and specific IgE (sIgE) for house-dust mix
(HDM) and animal mix were determined from blood
obtained at baseline and at 3 years using the Immuno-
CAP assay (Phadia, Portage, MI). The limit of detection
was 0.1 kU/L and lower limit of quantification was
0.35 kU/L. Serological tests were not specific to the
primary predictors because they were part of the par-
ent study assessment and were not intended as a mea-
sure of main effect in the current study.

Definition of Outcome Variables
The diagnosis of asthma, the primary outcome, was

determined by the study physician and triggered by
review of the primary caregiver’s report of nocturnal
cough with sleep disturbance or wheezing on an elec-
tronic diary (e-diary, Palm, M515, CRF; Health, Lans-
dale, PA). The criteria for making a diagnosis of
asthma were three episodes of either nocturnal cough
with sleep disturbance lasting for at least three consec-
utive nights, wheezing of any duration, or a combina-
tion of the two symptoms, separated by at least 7
days,11 in a clinical setting where asthma was likely
and conditions other than allergy had been excluded
(i.e., viral illness).12 Individual asthma episodes were
also tabulated. Primary caregivers entered data on the
e-diary on a daily to weekly basis. Subjects who did not
have a diagnosis of asthma recorded by the time of
study completion or last follow-up were considered
not to have developed asthma.

Statistical Analysis
Exposures to binary predictors were categorized as

positive if the subject answered yes to the predictor at
any time before the outcome. Odds ratios were calcu-
lated and statistical significance was determined by the
chi-squared test or Fisher’s exact test in the case of
sparse data. Continuous predictors were used in their
native form and compared by t-test or Wilcoxon two-
sample test for nonnormally distributed data. The rel-
ative risk of each predictor variable on the outcome of
asthma diagnosis was determined by univariate anal-
ysis.

Multiple regression models assessed the influence of
the primary predictors (exposure to dogs, cats, rats,
and mice) and potential confounders on the develop-
ment of asthma. Each primary predictor and covariate
of clinical significance was included to determine the
relative contribution of each to the development of
asthma. Cockroach was not included in the models
because it was not informative on univariate analysis.
A second model also included serologic data (Total IgE
and specific IgE at 3 years). This time point was chosen
to evaluate serological response at a time when it may
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be more robust, given the age of the participant. Al-
though the serological tests were not specific to the
exposures of interest, they were included as potential
confounders of the relationship of allergen exposure to
asthma development. Because there were five a priori
predictors, significant p value was determined as that
�0.01 (0.05 � 5 predictors) to correct for multiple
testing.

Similar Poisson regression modeling was used to
assess the significance of predictors on the number of
asthma episodes. SAS Version 9.2 (SAS Institute, Inc.,
Cary, NC) was used for all statistical analysis.

RESULTS
Three hundred twenty-one subjects were enrolled, of

which 299 subjects had data available for the primary
exposures of interest and outcome of asthma. These
subjects were included in all analyses. Fifty-five (18%)
subjects developed asthma during the study period.
The average length of time in study was 3 years and 11
months.

Table 1 describes the characteristics of this cohort.
The average age of entry to the parent study was 6
months. Sixty-three percent of the cohort was boys,
78% were white and 10% black. Although all partici-
pants had a family history of atopy in a first-degree
relative, approximately one-quarter had a maternal
history of asthma. Dog, cat, and mouse exposure was
reported in 30–40% of subjects, and rat and cockroach
exposure were only reported in 5% of the cohort. Sixty-
three percent of children attended day care.

Univariate analysis exploring the relationship be-
tween each predictor and the outcome of diagnosis of
asthma is reported in Table 2. Exposure to dogs, cats,
and mice were inversely related to the development
if asthma. Exposure to rats was not significantly asso-
ciated with asthma. No children who developed
asthma reported exposure to cockroaches or smoke at
any time before their diagnosis. Maternal history of
asthma was a positive predictor of asthma. Serological
testing showed significantly greater sensitization to
house-dust mites at 3 years in the group of children
who developed asthma. There were no differences be-
tween those that developed asthma and those who did
not based on age, race, gender, or family income.

Multiple regression analysis included report of cat,
dog, mouse, and rat exposure; day care attendance;
BMI; household income level; maternal history of
asthma; and treatment assignment. A second model
also included Total IgE and sIgE to house-dust mite
antigen at the 3-year time point. Table 3 shows the
results of the multiple logistic regression models for
the development of asthma. Children exposed to cat
had significantly decreased risk of developing asthma.
Similarly, day care exposure was found to greatly re-

Table 1 Characteristics of children in the cohort

Covariate Total (n %)

Gender
Male 186 (64)
Female 107 (36)

Maternal Asthma*
Yes 83 (28)
No 215 (72)

Dog exposure
Yes 121 (41)
No 178 (59)

Cat exposure
Yes 91 (31)
No 208 (69)

Mouse exposure
Yes 101 (34)
No 198 (67)

Rat exposure
Yes 14 (5)
No 285 (95)

Cockroach exposure
Yes 15 (5)
No 285 (95)

Daycare exposure
Yes 187 (63)
No 112 (37)

Smoke exposure
Yes 25 (8)
No 274 (92)

Breastfed
Yes 246 (82)
No 53 (18)

Income �$50,000* 59 (20)
Income �$50,000* 185 (62)
Race

White 228 (78)
Black 29 (10)
Asian 10 (3)
Other 26 (9)

BMI, Mean (SD) 17.2 (2.6)
Age at entry to parent study,

(yr), mean, (SD)
0.6 (0.3)

Total IgEBaseline, median, (IQR) 13.0 (5, 52)
Total IgE3yr, median, (IQR) 62.0 (19, 180)
sIgE HDM3yr, median, (IQR) 0.15 (0.05, 0.84)
sIgE ANM3yr, median, (IQR) 0.36 (0.05, 5.56)
Gestation, (wk), median, (IQR) 39 (37, 40)

*There was missing information on maternal history of
asthma (n � 1) and household income (n � 55).
ANM � animal mix; BMI � body mass index; IQR �
interquartile range; sIgE � specific IgE; HDM � house-
dust mix.
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duce the risk of asthma. Maternal history of asthma,
higher BMI, and higher sIgE to HDM conferred higher
risk of asthma diagnosis.

Although dog and mouse exposures appeared to
have a protective relationship with the development of
asthma in univariate analysis, these relationships were
significantly confounded by day care attendance, ma-
ternal history of asthma, and treatment assignment and
therefore were not found to significantly predict
asthma in the adjusted models.

When Poisson regression modeling was used to de-
termine the influence of the same exposures on the
number of asthma episodes, cat exposure and day care
attendance continued to show a risk reduction, and
HDM sensitization remained a significant risk factor
(Table 4). Maternal asthma and BMI continued to trend
toward risk. These results mirror those found in the
logistic regression, although the degree of statistical
significance was lessened for many of the exposures.

DISCUSSION
We aimed to determine the effect of environmental

exposure to common indoor allergens, specifically
mouse, rat, cockroach, cat, and dog, in a group of
children with AD at high risk of developing asthma.
Separate multiple regression analyses, looking first at
the report of exposures and then including serological
evidence of sensitization, confirmed that cat and day
care exposure reduced the risk of the development of
asthma in this cohort. Cat and day care exposure sim-
ilarly reduced the risk of asthma episodes, corroborat-
ing the primary findings. This consistent relationship
present through univariate analysis and multiple iter-
ations of statistical modeling reinforces the strong and
independent nature of cat and day care exposure to
reduce the risk of developing asthma in this cohort.

Cat exposure has been described as both a risk factor
for the development of asthma9 and, as here, a protec-
tive.6,15 Data from the Asthma Multicenter Infant Co-

Table 2 Univariate analysis of home exposure and association with asthma

n � 299 No Asthma
(n � 244)

Asthma
(n � 55)

Odds Ratio
(95% confidence interval)

p Value

Male sex 148 38 0.74 (0.39, 1.38) 0.36
Maternal asthma 61 22 1.99 (1.08, 3.67) 0.03
Dog exposure 107 14 0.44 (0.23, 0.84) 0.01
Cat exposure 86 5 0.18 (0.07, 0.48) �0.001
Mouse exposure 92 9 0.32 (0.15, 0.69) 0.003
Rat exposure 13 1 0.33 (0.04, 2.57) 0.48
Cockroach exposure 15 0 — 0.08
Day care exposure 178 9 0.07 (0.03, 0.16) �0.001
Smoke exposure 25 0 — 0.01
Breast-fed 199 47 1.33 (0.59, 3.01) 0.56
Income �$50,000 46 13 0.74 (0.36, 1.53) 0.44
Race (reference white) 0.93

White 183 45
Black 24 5
Asian 9 1
Other 22 4

BMI, mean � SD 17.1 � 2.6 18.0 � 2.2 0.10
Age at entry to parent study, (yr),

mean � SD
0.6 � 0.3 0.6 � 0.3 0.13

Total IgEBaseline, median (IQR) 13.0 (5, 44) 23.5 (6, 69) 0.12
Total IgE3yr, median (IQR) 54.0 (19, 155) 102.5 (19.5, 437) 0.11
sIgE HDM3yr, median (IQR) 0.13 (0.05, 0.64) 0.35 (0.05, 4.98) 0.02
sIgE ANM3yr, median (IQR) 0.39 (0.05, 4.22) 0.29 (0.05, 17.20) 0.42
Gestation (wk), median (IQR) 40 (38,40) 39 (37, 40) 0.33

*Proportions compared by chi-squared test or Fisher’s exact test in case of sparse data; age at entry, BMI means compared by
t-test; total IgE, sIgE HDM, sIgE ANM, and gestational age— medians reported, Wilcoxon two-sample test for significance
testing.
BMI � body mass index; IQR � interquartile range; sIgE HDM � specific IgE to house-dust mix; sIgE ANM � specific IgE
to animal mix.
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hort Study9 and others16,17 have strongly suggested
that cat allergen exposure is associated with the devel-
opment of allergic sensitivity and asthma. Exposure to
cat allergen measured during the child’s first 3 months
of life and sensitivity and asthma outcomes at 6 years
old showed a dose-dependent relationship up to a
plateau of 1 �g of fel d1/g of dust and even stronger
association in a high-risk subgroup.9 However, others
have found just the opposite effect. In the German
Multicenter Allergy Study15 the infants exposed to the
highest levels of cat allergen (fel d1) had decreased
cat-specific IgE levels and high IgG levels with corre-
sponding low-risk phenotype for wheeze. Early expo-
sure to cats has been found to reduce the risk of asthma
in other cohorts as well.18–21

In AD cohorts such as ours, the results are equally
varied. Warner11 reported that evidence of allergic sen-

sitization to cats in children with AD increased the
odds for the development of asthma by 1.5 in the
placebo arm of the Early Treatment of the Atopic Child
study. However, sIgE to cats was not a significant
factor in asthma development in the prospective AD
cohort followed by Ricci et al.10 When environmental
exposure was investigated as an explanatory factor in
the development of asthma in a cohort of young chil-
dren with AD, Gustafsson et al.2 found furred pets to
have a nonsignificant protective effect (odds ratio, 0.4;
confidence interval, 0.2–1.1). Our study, which had
much greater power to determine such a relationship
by enrolling three times the number of subjects, cor-
roborates cat exposure as a risk-reducing factor in the
development of asthma. This effect may suggest that
tolerance, rather than allergy, develops in children
with prior history of atopy when exposed to high
levels of exposure to cat allergen as well.15,18,19 It has
been suggested that IL-10 may play a key role in aller-
gen tolerance to such exposures.22 The asthma risk may
only be relevant in those exposed to just enough cat
allergen (or for infrequent enough exposure) to induce
sensitization.23

In an attempt to differentiate overall allergic sensiti-
zation from the exposures of interest, our second
model tested the effects of total IgE and sIgE to HDM
and animal mix measured at 3 years. Including these
variables in the model reduced the significance of cat
exposure on asthma development but did not change
the magnitude and direction of the effect size, suggest-
ing the effect is independent of overall sensitization.

Day care attendance indicated the strongest reduc-
tion in risk for asthma in this study. Day care exposure
has been implicated as protective for asthma develop-

Table 3 Multiple regression analysis of home exposure and association with asthma

Asthma

Model 1* (n� 273) Model 2# (n� 229)

Odds Ration
(95% confidence interval)

p Value Odds Ratio
(95% confidence interval)

p Value

Dog exposure 1.07 (0.44, 2.58) 0.89 1.72 (0.61, 4.89) 0.31
Cat exposure 0.16 (0.05, 0.53) 0.003 0.12 (0.03, 0.54) 0.006
Mouse exposure 0.77 (0.30, 1.98) 0.58 0.72 (0.24, 2.17) 0.56
Rat exposure 0.32 (0.03, 3.40) 0.35 0.13 (0.01, 2.13) 0.15
Daycare 0.08 (0.03, 0.19) �.001 0.04 (0.01, 0.13) �0.001
Maternal asthma 2.93 (1.29, 6.67) 0.01 2.36 (0.87, 6.42) 0.09
BMI, baseline 1.23 (1.08, 1.42) 0.002 1.30 (1.11, 1.52) 0.002
sIgE HDM, 3 yr 1.03 (1.01, 1.06) 0.008

*Model 1 also included age, race, sex, household income, and treatment assignment.
#Model 2 also included age, race, sex, household income, treatment assignment, total IgE at 3 yr, and sIgE to animal mix at
3 yr; significance p � 0.01 for multiple testing.
BMI � body mass index; sIgE HDM � specific IgE to house-dust mix.

Table 4 Poisson regression analysis of home
exposure and association with quantity of
asthma episodes

Asthma Episodes*
Odds Ratio

(95% confidence interval)

p Value

Cat exposure 0.48 (0.31, 0.67) �0.001
Daycare exposure 0.36 (0.26, 0.50) �0.001
BMI 1.07 (1.12, 1.13) 0.02
Maternal asthma 1.31 (0.98, 1.74) 0.07
HDM 3 years 1.01 (1.00, 1.02) 0.005

*Model also included age, race, sex, household income, treat-
ment assignment, and total IgE at 3 yr; Significance p �
0.01 for multiple testing.
BMI � body mass index; HDM � house-dust mix.
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ment in a large cohort of Canadian children24 and is
associated with decreased wheeze in early school age
children but not subsequent asthma in another study.25

Similarly, Celedon et al.26 showed that day care expo-
sure in the 1st year of life in children of atopic, but not
asthmatic, mothers had a greatly reduced risk of
asthma and recurrent wheezing at 6 years old. The
relative risk was 0.3 (95% confidence interval, 0.1–0.7)
showing a sizeable effect. These protective effects are
presumably caused by the early exposure to viral ill-
ness27 or other beneficial effects related to exposure to
children.28 Both infantile28 and toddler exposure29 to
day care have been reported to have similar effects.
Recent evidence suggests that a genetic polymorphism
in the Toll-like receptor 2 may play a role in determin-
ing the development of asthma in children with day
care exposure early in life.30 The magnitude of risk
reduction we found in this cohort is substantial and
will need to be validated further.

The association of body habits and asthma has had
mixed results in young children.31,32 In this study we
found BMI at study entry to be positively associated with
asthma development. The very young age of sampling and
the known variability in calculating BMI in infants and
toddlers may limit the precision of this association. Addi-
tionally, our findings extend the important role of maternal
history of asthma33 as a risk factor for the development of
asthma in children with AD.

Difficulty separating asthma from transient wheeze
in young children may be a limitation to this study.
However, the definition of asthma used in this study
has been used in other large epidemiological stud-
ies12,15 and was further limited to attempt to exclude
cough and wheeze associated with viral respiratory
infections. Furthermore, in young children with AD,
concomitant wheeze is highly predictive of current
wheeze at age 7 years.34 We recognize that our study
doctor’s diagnosis of asthma may reflect bias of paren-
tal reporting of symptoms. However, parental reports
of both wheeze and asthma have consistently been
associated with lower lung function, skin test reactiv-
ity, and airways responsiveness in the pediatric epide-
miological literature.35 Based on a variety of reports,
physicians tend to underdiagnose asthma in early
childhood, and our results could be conservative.36

Environmental exposure in this study is based on care-
giver report, which is subject to recall bias and may be
biased by perceived social stigma related to rodent or
cockroach infestation. However, reported exposure to
cats and rodents has been shown to be highly corre-
lated with measured allergen concentrations in the
home.37–39 Chew et al.37 found a 90% predictive value
for detectable mouse allergen in homes in which there
was a reported exposure to mice. Similarly, Waser and
colleagues39 found that current report of cat contact
was highly correlated with mattress fel d1 concentra-

tions in rural school-age children participating in the
Allergy and Endotoxin study. Across studies, exposure
to cats is 22–40%39 and to mice is 25–33%,38,40 which
lends credibility to the similar prevalence found in our
study. Misclassification bias must be considered for
participants who may have developed asthma after
discontinuation from the study.

Exclusion of children who previously had a diagno-
sis of asthma at the time of enrollment may limit the
generalizability of these results; however, because of
the young age at recruitment it is unlikely that many
potential subjects fit this profile. Exclusion of those
already on calcineurin inhibitors or systemic therapies
for AD may also limit the applicability of these results
for those with severe AD in early childhood.

These findings suggest a strong and temporally rel-
evant association between day care attendance and cat
exposure and the development of asthma. Although it
is impossible to determine direct causality in this
study, the exposure to the predictors was only assessed
before the development of asthma, arguing against
reverse causality. The decision of a family to place a
child in day care or own a pet may be influenced by
several factors that may bias the distribution of expo-
sures in this study and confound the relationship be-
tween the exposures and outcome. We adjusted the
multiple regression analysis for what are likely the
strongest confounders to the relationship of pet and
day care to asthma, socioeconomic status, and mater-
nal history of asthma; however, other unmeasured con-
founding factors may have influenced these results.

In children with AD, cat exposure and day care
attendance may independently reduce the risk of de-
veloping early childhood asthma. Additional study of
measured environmental exposures on the develop-
ment of asthma in children with AD is needed.
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